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The Lower Permian Laborcita Formation, Sacramento Mountains, New Mexico
crops out along a narrow, 27 km strip, and is 240 m at its thickest. The objective of this
study was to document ham-shaped microbial deposits through petrography and scanning
electron microscopy.
The study concluded that the hams began as microbial oncoids, and only the third
growth zone exhibited in situ growth giving the deposit its shank-like shape. They are
believed to have originated as oncoids on the presence of irregular, concentric, biogenic
micritic laminae surrounding a nucleus. A microbial origin is based upon the presence of
irregular laminations, fenestral fabrics, peloids, and fossil bacteria seen in SEM. The
results are significant because they document enigmatic carbonate precipitation in a
dominantly siliciclastic, ecologically stressful setting. By improving the understanding of
organic matter in calcium carbonate precipitation, the results of this study will potentially
benefit applications in medical, industrial, and academic fields.
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CHAPTER I
INTRODUCTION:
The “Giant Hams” described herein are hypothesized to be a series of minimicrobial bioherms formed in ecologically stressed waters, in a deltaic environment
where other life forms could not thrive. The hams are found within a 50 m section of
restricted/near shore siliciclastic sediments of the Laborcita Formation of Southern New
Mexico. The calcareous hams are 20–50 cm wide, and can range from 50–90 cm long
(Gordon, 1997). The objective of research described herein was to document and
describe the mini-mounds, as well as determine the origin of the hams, in an attempt to
provide new insights into marine cementation processes. Understanding the role of
microbes in marine carbonate cementation could be applied to medical and industrial
fields. Furthermore, aspects of these mini-bioherms will be applicable to petroleum
exploration of similar settings.
Setting
The Laborcita Formation (Wolfcampian) (Figure 1) can be found in the northern
Sacramento Mountains, New Mexico (Figure 2). The formation is defined as a series of
transitional beds moving from the primarily marine deposits of the late Pennsylvanian
(Virgilian) Holder Formation, to the terrestrial red beds of the Abo Formation
(Wolfcampian). The Laborcita Formation was named for the Laborcita Canyon of
Southeast New Mexico, which provides excellent representative outcrops of the
formation. The Laborcita Formation is a cyclic sequence of extreme lithologic variability,
1

both laterally and vertically (Otte, 1959). Originally the Laborcita Formation was
believed to be Late Pennsylvanian-Early Permian in age (Otte 1959), but it was later
determined that the unit was entirely Permian based on a study of fusulinids in the area
(Steiner and Williams, 1968).

Figure 1

Stratigraphic column of the Sacramento Mountains (Gordon, 1997)
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Figure 2

Map of Laborcita with the hams originating in the area of the red box
(Modified from Fly, 1986)

The Laborcita Formation has been studied largely for a series of bioherms that the
formation contains. The cements and fabrics of Virgillian and Wolfcampian-aged
bioherms are made of interconnected masses of dark crystalline calcite (more than half of
the rock) with the remainder being made up of light calcite mud with stromatolitic algal
deposits, platy algae, and pockets of skeletal calcarenite (Otte and Parks, 1963). Radial3

fibrous masses found within the phylloid algal bioherms grew as submarine cements in
hemispherical masses and fan arrays between skeletal grains. Aragonitic neomorphism
was proposed to be the source of the rough radial-fibrous masses (Cys and Mazzullo,
1977). Divergent-radial mosaics of coarsely crystalline calcite pseudospar represent the
former aragonite. The coarsely crystalline calcite is distinct from the normal (radiaxialfibrous) mosaics that commonly replace acicular carbonate fabrics, and was proposed to
have occurred in the subsurface (Mazzullo and Cys, 1979).
The phylloid algal mounds of the Laborcita Formation probably formed in near
shore submarine bars, or occurred as offshore accumulations of slowly deposited, and
consequently, heavily scavenged algal communities (Cross and Klosterman, 1981a). The
algal communities were proposed to be a precursor for radial fibrous arrays (Cross and
Klosterman, 1981b). According to Ward et al. (1985), several stages followed the early
diagenesis of the phylloid algal mounds:
1. Cementation through multiple progressions of blocky calcite that was
interrupted by episodic fracturing
2. Local dolomitization
3. Styolitization
4. Dedolomitization and blocky-calcite cementation
5. Chertification
The investigation of eight sections through the Laborcita Formation was used to
determine the evolution of fan deltas in the region (Nelson, 1985). Increasing water
depth from south to north caused a change from limestone and chert-dominated fans
(southeast) to quartzite/rhyolite porphyry cobbled conglomerate fans (northeast) (Nelson,
1985). Shallow marine sediments were described as alternating cyclical marine and
4

terrigenous sediments (Fly 1985a, Fly 1985b). Marker beds in Coyote Canyon of the
Laborcita Formation represent paleoenvironmental conditions that fluctuate from
shallow-water marine, to terrestrial environments along a paleocoastline. Terrigenous
clastic sediments dominated the area, with marine waters encroaching during sea level
high stands (Fly, 1986).
The relationship between phylloid algal bioherms and deltaic lobes was explored
in a sequence stratigraphic study by Gordon (1997), who also introduced the term “giant
hams” for the large (30 x 50 cm) enigmatic, shank-shaped calcaraeous deposits that could
be found along a single horizon in the lower part of the restricted carbonates section,
where the long axes of the hams were parallel to depositional dip. Gordon (personal
communication, 2010) also described these mini-bioherms as microbial due to the
abundance of peloids. Gordon believed the hams should be the focus of a separate study
and that they were originally football shaped, but had been cut in half by the outcrop
(Gordon, 1997, personal communication 2010).
Significance
The significance of this study is that it will improve our understanding of the
cementation of microbes and environmental setting where they had not been recognized
before. This unusual deposit may also give insights to how microbial calcification occurs
in a predominantly siliciclastic setting. Enhancing our understanding of microbial
cementation could also be applicable in a spectrum of fields from industry (pipe scale) to
medical (artery plaque).
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CHAPTER II
METHODS
The giant hams will be observed through standard petrographic investigations
including analysis of whole samples, polished and unpolished slabs, thin sections, SEM,
and microfacies analysis. A Munsell rock-color chart will be used to name colors.
Sample Collection
A sample of one giant ham was collected from the Laborcita formation in 1995 by
Ian Gordon with assistance from Jonas Gournay and Brenda Kirkland. The sample was
collected from the Facies 3 area (Figure 2) as described by Gordon (1997).
Cutting slabs
Dr. Brenda Kirland initially prepared the ham by slicing the sample into six slabs
with a rock saw. Four of the sections were then polished for further examination by the
University of Texas thin section lab. Aspects of the interior structure of the slabs and
layer boundaries were traced onto clear sheets to form growth maps. These maps were
used to prepare a microstratigraphic analysis of the slabs (Kirkland et al, 1998).
Thin Sections
Initial thin sections were prepared by the University of Texas at Austin
Department of Geological Sciences lab in 1998 and additional thin sections were
prepared by Spectrum Petrographics. The thin sections were impregnated with blue-dyed
epoxy, no cover slips attached. A Nikon Eclipse E400 POL microscope, an HP Scanjet
6

4370 and HP software at a resolution of 3600 dpi were used to examine these thin
sections. The thin section scans were “mapped” using Adobe Illustrator and Microsoft
Paint in an attempt to determine layering and any unusual features.
Scanning Electron Microscope
Samples from the ham were taken for each of the different growth zones for SEM
analysis. A Polaron SEM Coating System was used to coat each sample with AU/Pd for
30 seconds. The Hitachi TM 1000 SEM was used to inspect the samples for organic
debris. The Hitachi TM 1000 SEM has a magnification range of 7X to 1,000,000X and
an accelerating voltage from 0.2kV-30kV. For this study, we used a range of 25X to
75,000X at 5.0kv.
The field emission scanning electron microscope (FESEM) in the Electron
Microscope Center (EM Center) on Mississippi State University’s campus was used to
assess samples which were prepared in the EM Center. The FESEM’s magnification
ranges from 10X to 500,000X. The resolution can be changed by altering the
accelerating voltage from 0.5 kV to 30 kV.
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CHAPTER III
RESULTS
The hams occurred in a single horizon within the Laborcita Formation (Figure 2).
The hams appeared to be lined up in rows of several, to many hams along the exposed
layer. All of the hams were oriented in the same direction and had the same pronounced
shank-like shape. Their estimated diameter ranged from 50 – 100 cm, with the sample
used for this study qualifying as a small-to-medium-sized ham.
The ham breaks down into three different growth zones, this was determined
using the ham maps (Figures 3, 4, 5, and 6). The zones are indicative of separate periods
of growth. Descriptions are given with front, rear, left, and right type directions (Figure
7) for slab description. Figure 8 shows the ham slabs, with figure 9 showing a diagram of
them. The ham can be seen in outcrop as (Figure 10). Polished sections of the ham show
three different growth zones and have features that allow them to be clearly
distinguished.
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Figure 3

Growth Zone Map – B

Figure 4

Growth Zone Map - A
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Figure 5

Growth Zone Map – 2

Figure 6

Growth Zone Map - 1
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Figure 7

Used for area description of ham.

Figure 8

Ham slabs

The largest piece that goes on the far right has been cut and it not pictured here
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Figure 9

Ham diagram

Letters represent unposlished slices, with numbers representing polished ones.

Figure 10

Ham in outcrop.
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1st Growth Zone
Ham Slabs
The first growth zone in the central area has a dendritic pattern showing an
original growth to the right of the ham (Figure 11). The dendritic pattern is surrounded
by concentric layers (Figure 11) that are fairly isopachous. The colors range from dusky
yellow micrite to light brown. Small openings are calcite-filled (Figure 12). A medium
dark gray band runs along the bottom half of this zone and is considered the boundary
between the first and second growth zones. Large calcite-filled openings sometimes
distort this boundary on the upper right side of the zone, which becomes more apparent as
you move from front to back on the ham (Figure 9).

Figure 11

Ham slab 2

The arrow is pointing to the first growth zone, which is within the circle.
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Figure 12

Laminae taken from Ham slab 2

Micritic laminae, separated by small calcite filled openings.
Thin sections
Thin sections 2b “stringers” and Ham E contain the best examples of the first
growth zone (Figure 13). Thin, homogenous strings of micrite 2 mm wide and 200 - 650
mm long are mostly dominated by tight, well developed layers in the center (first growth
zone) and the upper left corner has thicker darker layering, and larger calcite-filled
openings (second growth zone). There is a very clear boundary between these two
sections. At the bottom-center of the thin section there is a large fenestral bird’s eye
shaped, calcite-filled opening, which has multiple layers of fill. An area just above this
opening does not appear to be related to either of the major sections; it has a peloidal
14

texture that resembles a shotgun pattern (Figure 14). There are zones of the peloidal
growth that exhibit a string-like texture. The left side of the thin section shows a well
defined chain of openings (Figure 15) surrounded by denser micritic growths.
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Figure 13

Scanned image of thin section Ham 2b “stringers”

Outer most layer three and predominantly layer two which is composed primarily of thin,
parallel to sub parallel layers of micrite. Thin section is 50 mm wide. The red and
yellow lines represent the 1st growth zone, with the green representing the 2nd growth
zone.
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Figure 14

Peloidal micrite forming a shotgun pattern

Figure 15

Chain pattern formed by micrite rims around calcite spar and clusters of
peloids

The thin section labeled Ham E (Figure 16) has three distinct areas split into
bottom (third growth zone), middle (second growth zone), and top (first growth zone). In
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this thin section the first growth zone has multiple layers made up of dark, densely
packed micrite, which is an example of the dark line that designates the boundary
between the first and second growth zones.

Figure 16

Scanned image of thin section Ham E

This thin section shows two zones, the red represents the 1st growth zone, and the yellow
represents the 2nd growth zone. Fenestral fabrics, peloid zones, second layer is darker.
Thin section is 50mm wide. The extremely dark spots along the bottom edge are
siliciclastic sediments.
2nd Growth zone
Ham slabs
The second growth zone fully encloses the first growth area in an isopachous rim
ranging from less than 1 cm to about 7 cm thick (Figure 17). The layering within this
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growth area is not as clearly defined as the first growth zone, and is generally more
chaotic due to large, calcite-filled openings and big thrombolitic clots on the upper
portion of this zone. There are smaller irregularly shaped calcite-filled openings on the
bottom portion of this zone (Figure 18). The colors are the same as in as the first growth
zone, although the texture on the bottom section of the second growth zone is more
homogenous than the first growth zone.

Figure 17

Ham slab 1 upside down

The second growth zone is seen predominately between the two circles. The slab is 25.4
cm across.
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Figure 18

Large calcite filled opening

Thin Sections
Thin sections Ham 2d, 2b “stringers”, and Ham A, all have examples of the
second growth zone. The thin section 2d (Figure 19) is split into two zones. The lower
zone (second growth zone) shows distinct layering. The bottom left corner shows some
circular patterns. There are several layers of alternating dark to light gray micrite. Many
openings in this area tend to follow a lower left corner, to an upper right corner direction.
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Figure 19

Scanned image of Ham 2d thin section

The outer most section is from third growth zone with the lower laminations coming from
second growth zone. Thin section is 50 mm wide. The yellow lines represent the 2nd
growth zone and the green lines represent the 3rd growth zone.
Thin section Ham 2b “stringers” (Figure 13) shows only a small portion of the
second growth zone. The upper left corner of this thin section has calcite-filled openings
breaking up densely packed dusky yellowish-brown micrite. Thin section Ham A (Figure
20), is divided into four bands, bottom, middle, and top are all second growth zone, the
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fourth band is a very thin line along the bottom, which is third growth zone. The bottom
band is very dense, with only a few openings, except at the top which has a string of
openings. The layering of this section is not as clear. The middle section of the thin
section is very splotchy. Large openings are fairly evenly distributed through this band.
Splays of needle-like crystals interpreted as originally aragonitic fans (Figures 21, 22)
line most of the openings in this section. The rest of the area of the middle band is split
into two areas, light and dark. The light area is dominated by a thrombolitic mass with
some peloids and lots of tiny openings filled with spar. The dark area consists of much
denser thrombolitic fabric. The top band is the only area with distinct layering, although
it is mostly microscopic. The second zone is composed mainly of muddled micritic
fabric.
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Figure 20

Scanned image of thin section Ham A

This thin section shows fenestral fabrics, thrombolitic clots composed of peloids, and
vaguely laminated layers of peloids. The yellow and red lines represent the 2nd growth
zone. The very bottom yellow and red lines mark the boundary of the 3rd growth zone.
Thin section is 50mm wide.
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Figure 21

Micritic peloids surrounded by needle like crystals (previously aragonite),
which are surrounded by blocky spar.

Figure 22

Radial aragonite fans with peloidal micrite at the base or center of the fans.
Peloidal micrite forms the core for splays of needle like crystals interpreted
as being originally aragonitic.
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The thin section labeled Ham 2c (Figure 23) is dominated by the second growth
zone, with the third growth zone close to the upper edge. This thin section has large areas
of fenestral fabrics that seem to be in a globular pattern, breaking up dark micritic
sections and lighter peloidal structures. A dark micritic area on the right side of the thin
section is similar. Fenestral fabrics seem to have grown in a rounded blob-like pattern.

Figure 23

Scanned image of thin section Ham 2c

The second growth zone as it approaches the edge of the slab marked by the yellow lines,
the green lines are used to distinguish the third growth zone. Thin section is 50 mm
wide.
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3rd Growth zone
Ham slices
Figure 24 shows the location of the third growth zone. A bulbous swirling pattern
(Figure 25) of the micritic areas makes layering hard to identify. This zone is much
thicker on the upper right portion of the slab, and it pinches out several times along the
bottom. There are fewer calcite-filled openings in this area than in the other two growths.
The colors change from dusky yellow/light brown (inner portion) to a moderate yellowish
brown/light olive (outer portion). Terrestrial sediments and quartz grains can be seen on
the extreme outer edge.

Figure 24

Ham slab 1.

Growth zone three shown outside of circle. This slab is 254 mm across.
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Figure 25

3rd growth zones texture.

Thin sections
The third growth zone is represented by the thin sections Ham 2d, Ham A, and
Ham 2c. The upper zone of thin section 2d (Figure 19) represents the third growth zone.
This area of thin section consists of alternating dark and light thrombolitic masses. There
are few openings here, no clear layering, and some siliciclastic sediments along the
edges. Thin section Ham A (Figure 20) has only a very thin layer of the third growth
zone, mostly consisting of siliciclastic sediments. Thin section Ham 2c (Figure 23)
shows evidence of the third growth zone along the upper edge. The third growth zone in
this slide consists of the thick dark gray micritic fabric, and the very dark areas
(siliciclastic sediments).
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SEM Pictures
Sixty-Two SEM pictures were taken from five samples representing the three
major growth zones (one sample for zone one and two samples each for zones two and
three). Each growth zone displayed evidence of nanometer scale relict organic debris,
(Figures 26, 27, 28, 29, 30, and 31) as well as smooth surfaced crystal growth (Figures
32, 33, and 34). There were minor clays that were found only in the third growth zone
(Figures 35 and 36).

Figure 26

1A-03_e Calcite with possible bacteria

Large calcite crystals with possible fossil bacteria found on it. Red arrows directing to
possible fossil bacteria.
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Figure 27

1A-02_e Fuzzy crystal surface

Higher magnification image of the previous picture, showing unexpected spheroidal
features on crystal surfaces. Organic debris is scattered across calcite crystals that show a
linear trend to spheroidal and rod-shaped features within crystals.
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Figure 28

2A-02_e Fossilized bacteria

Organic debris including possible fossilized bacteria (arrows pointing to spherical and
rod shapes just right of center) scattered around irregularly-shaped and partially dissolved
crystals, from second growth zone.
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Figure 29

2A-06_e Organic debris

Close up of nanometer-scale relict organic debris in second growth zone.

31

Figure 30

3B-06_e Organic spheres

Two large spheroids composed of relict organic matter and possible aggregates of fossil
bacteria amongst many crystals.
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Figure 31

3B-07_e Organic sphere (close up)

A close-up of the lower left relict organic sphere from previous figure. Rod shapes and
ovoids are interpreted to be possible fossil bacteria.
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Figure 32

2A-04_e Typical crystal

Typical crystal of calcite in the second growth zone
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Figure 33

2B-02_e More crystals

A larger view of calcite filled opening from second growth zone. Many smooth crystal
surfaces can be seen here.

35

Figure 34

2B-05_e Crystal edge

The edge of a crystal of calcite found in the second growth zone.
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Figure 35

3A-06_e Flaking clays

Clays (arrow pointing to a flaking clay) within the third growth zone
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Figure 36

3B-02_e Stacked clays

Stacked clay minerals Clays found within the third growth zone; probably a different clay
than in Figure 31.
FESEM
The FESEM was used in attempt to give an elemental map of a thin section, but
no functional data were retrieved.
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CHAPTER IV
DISCUSSION
The original ham hypothesis, that the giant hams are actually miniature microbial
bioherms, was shown to be partially correct. Using the results presented herein, it would
seem that the hams started as oncoids, and did not become mini-bioherms until the third
phase of growth began. Conversely, it is possible that by the third growth phase the hams
were so large that they were no longer mobile. Wilson (1975) defines a bioherm as…
“Buildup whose internal composition shows it to be largely
derived from in situ production of organisms or as
framework or encrusting growth as opposed to mainly
mechanical (hydrodynamical) piling”
The term mini-bioherm is appropriate for two reasons: 1. the hams are lithologically
distinct from the surrounding material and 2. apparently stood in some relief above, the
surrounding sediment,.
The hams do appear to be microbial in origin. The evidence for this can be seen
at every scale of investigation, from the macro-scale down to the nanometer-scale. The
features visible at the microscale include thrombolitic clots (Figure 25), irregularly
shaped laminations, (Figure 12) and fenestral fabrics (Figure 18). The thin sections show
many of the same features also found on the ham slabs. The most significant piece of
evidence for microbes, found in the thin section, is the presence of abundant peloids
(Figure 14). According to Chafetz (1986), peloids begin as calcite precipitates around
clumps of bacteria. SEM images provide stronger evidence for a microbial origin
including fossil bacteria and bacterial clumps (Figures 29, 30, 31). The fossils are
39

interpreted as bacteria on the basis of the rod and sphere shapes common to bacteria.
Similar shapes are generally not formed by, mineral growth. The fossilized bacteria
found in the third growth zone is about three microns in length, making them the right
size for bacteria, which usually range from one to ten microns in size. The clumps that
were found during the SEM work appear to be bacterial clumps. Nanometer-scale fine
textures are also present in SEM images (Figure 27), and are considered evidence of
organic matter (Westall et al, 2000).
The hams appear to have begun as oncoids based on concentric, isopachous
layers. Flügel (2004) defines oncoids as:
“Large and small grains consisting of a more or less distinct
nucleus (e.g. a fossil) and a thick cortex formed by
irregular, non-concentric partially overlapping micritic
laminae. Laminae may exhibit biogenic structures. No
tendency to increase sphericity during growth. Size from
<1 mm to a few decimeters.”
The hams seem to fit this definition well. Figure 7 shows overlapping laminae,
with figures 13,14,25,26,27,28,29 and 30 showing clear evidence of biogenic activity.
Several authors (Gonzalez and Wetzel, 1996, Reitner et al 2004, Jones 2005) refer to
finding “giant” oncoids, but only Jones (2005), whose oncoids were found in a lake
environment, records their size (20 – 30 cm). The ham is about 20 cm at the end of the
second growth zone, which falls in with what Jones (2005) saw. For oncoids to reach this
size a powerful current probably kept them moving, in the case of the hams it was
probably a strong tidal or river current.
By the third growth zone, the hams had become stationary as can be seen from the
growth of microbial layers on the upper and shelfward side of the hams. The data
therefore suggests that the original hypothesis for the ham study was partially correct.
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The hams third growth zone, which covers a little less than 30% of the ham, actually
qualifies as a bioherm because it grew in place on top of the oncoids, and predominately
on one side. The third growth zone included evidence of siliciclastic material
incorporated into the growth layer in the form of quartz and clay visible in thin section
(Figure 16) and at least two different types of clay minerals visible in SEM (Figures 35
and 36). The influx of siliciclastic material is probably due to a changing environment.
Environmental change could be invoked through a drop in sea level, which would result
in shallower water and greater siliciclastic influx. As the environment changed, the
energy level of the area dropped and could no longer move the oncoids. The oncoids
may have just grown too large to be moved, but the third growth zone also has
siliciclastic sediments. Siliciclastic influx increases as sea levels fall (Wilson, 1975),
which would account for the siliciclastic content of the last zone on a no-longer-mobile
microbial deposit.
The significance of this study reaches a wide array of fields. For
sedimentologists, the deposition of carbonate hams in a stressed, siliciclastic environment
is significant because it is unusual and unexpected. Understanding the microstratigraphic
succession of this mini-bioherm provides a window to carbonate precipitation in a
siliciclastic stressed/extreme environment. Furthermore, this study may be expanded to
searching other planets for carbonate like growths, under similar stressed conditions.
Understanding the precipitation and history of the ham’s microbial fabric, growth, and
cementation of the microbes could also shed light on new methods in medical and
industrial fields, and help future academics to understand problems similar to this one.
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CHAPTER V
CONCLUSIONS
The research performed for this study has resulted in three major conclusions
regarding the giant hams of the Laborcita Formation, Sacramento Mountains, New
Mexico.
1) The hams are microbial as evidenced by clotted micrite, fenestral fabrics,
peloids, and fenestral zones delineating bio layers. More evidence can be
found in the organic materials seen with the SEM.
2) The hams are not mini-bioherms, they are oncoids. The concentric
isopachous layers are a good indicator of this. It is only during the third
growth zone that the hams became stationary and converted to mini-bioherms.
3) The environment changed during the last growth stage of the hams. The last
growth zone shows evidence of siliciclastics in the outer edges of the hams
implying a lowering of sea level and a consequent drop in shelf energy.
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